Abstract-In future photonic-based THz backhaul links, integrating the optical local oscillator (LO) in a remote antenna unit can be beneficial in terms of optical bandwidth efficiency and higher compatibility with passive optical networks. In such a scenario, two approaches can be used to reduce the high phase noise associated with free-running lasers: 1) baseband (BB) signals & carrier recovery, and 2) single sideband (SSB) signals & envelope detection. In this paper, we compare the performance of the two approaches for various optical LO linewidths using 5 GBd 16-QAM signals. We find that, for a total linewidth wider than 0.55 MHz, the SSB approach yields better results. The superior performance, however, comes at the expense of reducing the net information spectral density (ISD) of the SSB signal by 39% compared to that of the BB signal. However, using signal-signal beat interference-mitigation algorithms, an ISD only 15% lower than the BB signal ISD was sufficient to meet the FEC requirement. Given these results, we believe that the envelope detection of SSB signals is a promising solution to mitigate the phase noise problem of THz links based on free-running lasers, without excessively compromising the spectral efficiency of the system.
I. INTRODUCTION
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Digital Object Identifier 10.1109/JLT.2018.2864145 with commercial free-running lasers, is a major impediment for their commercial implementation [3] . Solutions based on filtering two optical modes of an optical frequency comb generator (OFCG) have been proposed to mitigate this problem [4] . However, this approach requires the use of narrow and tuneable optical filters, external modulators and radio-frequency (RF) local oscillators (LOs), which would increase significantly the complexity of the transmitter [5] . Free-running lasers, on the other hand, remain attractive to internet providers because of their simplicity, cost and tuneability capabilities [6] . Furthermore, the use of these lasers allows the optical LO to be placed at the remote antenna unit (RAU). This architecture, which has already been investigated for mm-wave links [7] , can be beneficial in terms of optical bandwidth efficiency and integration with passive optical networks (PONs). In such a case, the cost of the LO laser must be kept low to maintain a competitive price per RAU. This requirement calls for foundry-fabricated semiconductor lasers (linewidths > 1 MHz) to be used in the antenna unit. In Fig. 1 we show the implementation scenario that we envisage within this paper. Note that, in the central office (CO), where the total cost is shared between all the users supported by the network, volume-production semiconductor lasers with linewidths in the range of a few hundreds of kHz are economically acceptable [8] .
Given the scenario depicted in Fig. 1 , alternative ways for phase noise mitigation (other than OFCG filtering) must be found. A potential solution to this problem, is the use of advanced digital signal processing (DSP) techniques for carrier recovery at the receiver. These algorithms normally comprise two steps: (a) compensation of the frequency offset between signal and LO and (b) cancellation of the phase noise distortions (arising mainly from the lasers' linewidths). Before eliminating these impairments, the phase distortion (intentionally) introduced by the data, needs to be removed. This can be done with the Viterbi-Viterbi (VV) algorithm, which raises the incoming samples to the M th power (where M is the modulation order of the modulation format). Although the VV algorithm was originally intended for phase shift keying (PSK) signals, it can be adapted to square QAM constellations [9] . After removing the data, the frequency offset can be estimated with a fast Fourier transform (FFT) [10] and the phase noise with an averaging filter to remove the phase distortions caused by additive white Gaussian noise (AWGN) [9] .
One of the drawbacks of the square QAM-adapted VV algorithm presented in [9] is that not all the received samples are used to calculate the symbol deviations introduced by phase noise. To solve this, more complex adaptations of the VV algorithm [11] or completely different approaches not relaying on the M th power operation [12] have been proposed. Although these algorithms exhibit better performance, their implementation complexity is also higher [13] . In this comparison, we choose the algorithm in [9] due to its simplicity and the fact that the VV algorithm is a well-established technique in the communications community [14] .
Another approach that has been extensively used for phase noise mitigation in the RF [15] and optical domains [16] is the use of single sideband (SSB) signals together with envelope detection. This technique has also been proposed to enable the use of free-running lasers in high-frequency radio-over-fibre (RoF) systems [7] . The analytical analysis proving its phase robustness has been shown extensively in literature (see for instance [17] ). Experimentally, however, RoF demonstrations have been limited to systems using fixed-linewidth optical sources, where verifying its insensitivity to phase noise was not possible [18] . In this work, we assess the performance of this scheme in a RoF link with the configuration shown in Fig. 1 and varying linewidths of the RAU laser. The linewidth tuning is achieved by means of digital modulation, which, unlike other linewidth tuning mechanisms such as power tuning, does not compromise other characteristics of the laser [19] .
Apart from allowing the use of low cost lasers, this approach also relaxes the complexity of the carrier recovery DSP and does not require a THz LO at the receiver, greatly simplifying the system architecture. On the other hand, one of the problems with SSB envelope-detected signals is the signal-signal beat interference (SSBI). This impairment, which results from the overlap of the direct detection (DD) terms with the signal of interest, results in a reduced system sensitivity. Because of this, at narrower laser linewidths, this technique is expected to yield worse results than the approach of using baseband (BB) signals together with carrier recovery. However, since the performance of the VV algorithm degrades at broad optical linewidths [9] , the SSB scheme should become better owing to its phase noise insensitivity. The degradation of the VV algorithm is caused as the averaging filter is shortened to track the faster phase deviations introduced by broader linewidths. The shorter the averaging filter the less effective it becomes against AGWN and, hence, the higher the signal-to-noise ratio (SNR) needs to be to produce a pre-determined bit error rate (BER). To determine the linewidth at which the sensitivity of the SSB technique becomes superior, we perform a second linewidthemulation experiment but this time in a system transmitting BB signals, and then compare the results with those obtained for SSB signals. All the transmissions are performed using 16-QAM signals as this spectrally-efficient modulation format is considered key to achieving the data rates that are expected from the THz range [20] . Before characterizing the phase-noise tolerance of SSB signals, we measure their performance using different guard bands (GBs) between carrier and signal. This is done to determine the highest spectral efficiency allowed by our system (i.e., the lowest GB that could be successfully recovered). The use of these GBs is a common approach to reduce the impact of the SSBI. However, this practice comes at the expense of reducing the spectral efficiency of the SSB signal (i.e., wider GBs reduce the SSBI but also the spectral efficiency).
In the experiment reported here, due to the lack of a THz envelope detector (ED), the envelope detection was implemented in the digital domain after analog-to-digital conversion. Because of this, a THz LO was necessary to down-convert the SSB signals to an intermediate frequency (IF) . It should be noted that this configuration was only intended to replicate the performance of a system with an analog ED.
The rest of the paper is organized as follows. In Section II, a brief mathematical analysis of the generation and detection of THz SSB signals is provided. In Section III, the experimental arrangement, including the transmitter and receiver DSP, for the transmission and detection of BB and SSB signals is described. In Section IV, the performance of each scheme for different LO linewidths (and GBs in the case of SSB signals) is presented in terms of BER. In Section V, we analyse and compare the results and estimate the linewidth that is required for the SSB signals to yield a lower penalty at the forward error correction (FEC) limit. Finally, in Section VI, we summarize the main findings of the paper.
II. GENERATION OF SPECTRALLY-EFFICIENT THZ SSB SIGNALS THROUGH OPTICAL HETERODYNING
In this section, we obtain an analytical expression for the output of the ED to identify critical parameters when generating THz SSB signals through optical heterodyning. In this scheme, the SSB wireless signal is generated by mixing an optical SSB signal with an unmodulated optical tone in an ultra-fast photodiode (PD), as shown in Fig. 2 . To enable the transmission of spectrally-efficient QAM SSB signals, the BB signal is first upconverted to an RF-subcarrier frequency. This signal, together with its Hilbert transform (in Fig. 2 denoted by H[•]), is then fed to an IQ-modulator, which, assuming a small modulation index, linearly maps it to the optical domain producing an optical SSB signal. After fiber transmission, the optical SSB signal is coupled with an optical LO laser oscillating at an offset frequency corresponding to the THz transmission frequency. At the output of the coupler, an ultra-fast PD is used to mix the two laser modes and generate the SSB THz signal. After wireless transmission, the ED brings the THz signal back to the RF-subcarrier frequency.
The up-converted signal, b(t), and the output of the lasers at the CO, E S (t), and RAU, E LO (t), can be written as:
where A mod (t) and θ mod (t) are the amplitude and phase terms of the data signal, respectively, and ω S C is the angular RF-subcarrier frequency. On the other hand, A S (t) and A LO (t) are the optical field amplitudes and ϕ S (t) and ϕ LO (t) are the phase noise terms of the CO and RAU lasers, respectively. The THz SSB signal generated at the ultra-fast PD is given by the product of the IQ mod. output, E out (t), and E LO (t) phase-shifted by 90°(due to the 3-dB optical coupler):
where ω THz = |ω S − ω LO | is the THz frequency, and Δϕ(t) = ϕ S (t) − ϕ LO (t) − π/2 represents the phase noise of the THz signal and includes the 90°degree phase shift introduced by the coupler. On the other hand, θ bias = arctan(V Q /V I ) is a phase offset between the carrier (first term in (4)) and the sideband (second term in (4)) caused by the biasing points of the Iand Q-components in the IQ modulator (V I and V Q , in Fig. 2 , respectively) [21] , and A C = (V Q + V I ) 1/2 . Finally, modelling the ED as a square-law device where the output is low pass filtered, the final signal can be expressed as:
As can be seen from (8), the detected signal includes a DC component (first term), the SSBI component (second term), which spans from DC up to the signal bandwidth (BW), and the desired signal at ω S C (third term), which extends from the GB to GB + BW. From this, it is easy to see that, to totally cancel the SSBI, the GB must be equal to the BW.
Note that the recovered signal in (5) does not include the combined phase noise contribution of the two lasers Δϕ(t) since it vanishes when the unmodulated tone beats with the sideband in the ED. On the other hand, it does contain θ bias , which needs to be removed during the demodulation process.
As was previously mentioned, in this experiment, the THz SSB signal is first down-converted before being fed to the digital ED. For this step, a second harmonic mixer (SHM) driven by the output of a ×6 multiplier was used. As such, the phase noise contribution of the THz LO is that of the synthesiser driving the multiplier scaled by a factor of 12. However, since this contribution is also passed both to the tone and sideband of the SSB signal, it vanishes when these components beat in the ED (i.e., in the mathematical analysis this contribution could be included in Δϕ(t) without changing the result).
The carrier-to-sideband power ratio (CSPR), defined as
is an important parameter in systems using envelope detection. SSB signals with low CSPR suffer from high SSBI, while high CSPR leads to reduced signal-to-noise ratio (SNR). Thus, it is important to ensure the system always operates at the optimum CSPR value. With narrow GBs, the system is limited by SSBI and high values of CSPR are required to compensate it. Wide GBs, on the other hand, can reduce or completely eliminate the SSBI, allowing operation at lower CSPRs to increase the SNR of the received signal [22] . When using the Hilbert transform and an IQ-modulator to generate the SSB signal, the tuning of the CSPR is achieved by adjusting the biasing points of the I-and Q-components. To achieve high CSPRs (i.e., narrow GBs), the biasing points must be set close to the quadrature point. On the other hand, to reduce the CSPR (i.e., wide GBs), the modulator must be biased close to the null point. It is also important to mention that, in order to achieve a high optical sideband suppression ratio (OSSR), the signals driving the IQ-modulator must be amplitude-, phase-and time-matched (i.e., there is no IQ imbalance). If that is the case, then the maximum OSSR achievable is approximately equal to the extinction ratio (ER) of the optical modulator [23] . For amplitude and phase channel response corrections, a digital pre-equalization technique such as the one presented in [24] can be used. For time-matching, two phase shifters may be placed in each electrical arm of the IQ-modulator.
III. EXPERIMENTAL PROCEDURE

A. Transmitter DSP
The DSP blocks used to generate the BB and SSB signal waveforms are shown in Fig. 3(a) and (b) , respectively. In both cases, four 2 11 de Bruijn bit sequences were mapped into 5 GBd 16-QAM symbols. For BB signal transmission, the I-and Q-components obtained after applying a pair of root raised cosine (RRC) filters with roll-off factors of 0.1 (giving a BW of 5.5 GHz), were directly uploaded to the arbitrary waveform generator (AWG), which operated at a sample rate of 50 Gsample/s. For the generation of SSB signals, the RRC-shaped signal was then digitally up-converted to f S C by feeding it to a digital IQ modulator. After this, a Hilbert transform was applied to the Q-component to remove the lower frequency sideband. 
B. Receiver DSP
The DSP blocks used to recover both the BB and SSB signals are shown in Fig. 4 (blocks in red were only used for BB signals). In both cases, the digitalized signal was first fed into a digital IQ demodulator for down-conversion. After this, a coherent DSP routine consisting of: matched filtering, resampling & normalization, carrier recovery, and equalization was carried out. The equalizer was initialized using the radius directed algorithm (RDE) and then switched to a decision-directed least mean squares (DD-LMS) mode equalizer. Before switching to the DD-LMS equalizer, the carrier recovery stage was applied to compensate for phase and frequency distortions. In the case of the BB signals, this stage comprised (a) the FFT-based frequency offset estimation (FOE) [10] and (b) the block M th -power algorithm [9] . The sample length of the averaging filter (N) was optimized for each optical LO linewidth. In the case of the SSB signals, only the block M th -power algorithm was used at this stage. Note that this step was only required to compensate for the fixed phase offset introduced by the biasing points of the modulator (θ bias in (5)), and a very high block size (N = 600) could be used for all LO linewidths (i.e., no optimization of N was required for each linewidth). After the DD-LMS, differential decoding of the first two bits was carried out in the case of BB signals to avoid cycle slips [25] . Finally, the quality of the received signals was measured in terms of BER and error vector magnitude (EVM). 
C. Experimental Arrangement
The complete experimental arrangement used in the transmission experiments is shown in Fig. 5 . On the transmitter side, an external cavity laser (ECL #1) with a linewidth of 11 kHz and a wavelength of 1549 nm was used for data modulation. For BB modulation, the biases for the I-and Q-components of the IQ modulator were set at the null point. On the other hand, for SSB modulation, the biasing points were adjusted to increase or decrease the CSPR depending on f S C as described in Section II. At low f S C , the biasing points were tuned towards the quadrature point to increase the CSPR. Conversely, at high f S C , the modulator biases were set closer to the minimum transmission point to decrease the CSPR. After optical modulation, the signal was transmitted through 10 km of optical single mode fibre (SMF). The generated optical signals for both (a) BB and (b) SSB modulations are shown in Fig. 6 after fibre transmission (i.e., at the entrance of the RAU). As can be seen from Fig. 5 , two phase shifters were inserted after the AWG. This was done to make sure no time delay existed between the I-and Q-channels and allowed us to achieve an OSSR of about 30 dB (Fig. 6(b) ), which matches well with the measured ER of our IQ-modulator (30.5 dB). When no linewidth emulation was carried out, the incoming optical signal was combined with a second ECL (ECL #2) with a 11 kHz linewidth and a wavelength of 1551 nm (the frequency difference between the two lasers was 250 GHz). After optical amplification and filtering, the signal and the unmodulated tone were sent to a uni-travelling carrier photodiode (UTC-PD). Horn antennas with a gain of 25 dBi were used for both transmission and reception and placed at a distance of 0.3 m from each other. A pair of lenses were inserted between the two antennas to increase the collimation of the THz beam and achieve a higher transmission gain. In the receiver, after down-conversion in the SHM, the signal was digitized by a real-time scope working at a sampling rate of 80 Gsample/s. After this, the CSPR was calculated from the recorded waveform and then the digital ED, consisting in a brick-wall band pass filter, a square-law operation, and a brick-wall low pass filter, was applied to recover the SSB signals. In the case of BB transmission, the digitized signal was directly fed into the DSP routine shown in Fig. 4 . In Table I , the main features of the components used in the transmissions are summarized.
D. Linewidth Emulation
For linewidth tuning, ECL #2 was modulated by several white frequency noise sequences using a second IQ modulator [19] . The linewidth of the THz signal was estimated by measuring the frequency modulation (FM) noise spectrum of the heterodyne signal between ECL #1 and the output of the linewidth emulator at a frequency of around 6.5 GHz. The beat note at this frequency was recorded by a 20 Gsample/s oscilloscope and processed digitally offline (down-converted, filtered and resampled) before computing the white frequency noise component. The measured Lorentzian linewidths of the heterodyne signal (i.e., including ECL #1 linewidth) for the three different emulated linewidths used in this experiment were 229 kHz, 493 kHz and 905 kHz (for emulated linewidths of 200 kHz, 500 kHz, and 1 MHz, respectively). 
IV. RESULTS
In this section, we show the effect of RAU laser linewidth on the link BER performance when employing: (a) BB signals and (b) SSB signals. The BER is plotted versus the received electrical power (measured from the waveforms recorded by the real-time scope) and THz power (after the Rx antenna), which is calculated from the parameters in Table I , assuming 1-dB waveguide losses and taking into account the 3-dB attenuator before the real-time scope. For all BER curves, the maximum input power to the UTC-PD (measured with an in-line power meter inserted before the fibre feeding the PD) was limited to 12 dBm to avoid saturation effects. The analysis and comparison of the results presented in this section is performed in Section IV.
A. BB Signals
The BER obtained for the BB signals and the four different combined optical linewidths is shown in Fig. 7 . For each linewidth, the block length of the VV algorithm (N), was optimized for the highest received power and then kept constant over the BER measurements. The intersection of each curve with the hard decision (HD)-FEC limit (BER of 3.8·10 −3 ) will be used in the next section to compare the relative performance of SSB and BB signals (for the 905 kHz linewidth, where the HD-FEC limit could not be reached, the linear fit was extrapolated (dotted pink line) to get the intersection point).
B. SSB Signals
For a given roll-off factor, the choice of f S C determines the width of the GB between signal and carrier and, hence, the spectral efficiency of the SSB signal. To achieve a spectral efficiency similar to that of BB signals, f S C should be as low as possible. To determine the maximum spectral efficiency achievable with our system, we increased f S C in steps of 1.25 GHz (0.25 × symbol rate) until a BER below the HD-FEC limit was obtained. In Fig. 8 , the BER versus the received power is shown for different f S C values. As can be seen, a subcarrier frequency of 6.25 GHz (GB of 3.5 GHz) was enough to satisfy the HD-FEC requirement. This f S C value was, therefore, the one used in the linewidth emulation measurements. The BER curve for a GB as wide as the BW (GB of 5.5 GHz) is also included to show the performance of the system with no SSBI. In all the cases, the CSPR was optimized for the highest value of received power and then kept constant over each BER curve measurement. The optimum value obtained for each GB is plotted in the inset of Fig. 8 . As expected (see Section II), the optimum CSPR decreases as the GB is increased. The results of the linewidth emulation for a f S C of 6.25 GHz and the same combined linewidths of Fig. 7 (the linear fits for the 22 kHz and 905 kHz BB curves are included for reference) are plotted in Fig. 9 .
Given the large transmission windows found at THz frequencies (up to 70 GHz in the window centred at 287 GHz [26] ), the use of large GBs to combat the SSBI may be acceptable in THz SSB signals. However, if the spectral efficiency is a critical parameter of the intended THz-over-fibre link (because of congestion in the optical part of the link, for instance), employing DSP for SSBI mitigation can be useful. From all the algorithms that have been proposed for this purpose, the Kramers-Kronig (KK) receiver (first demonstrated in [15] ) has shown promising results in DD optical networks [27] . As long as the SSB signal has a sufficiently high CSPR, this scheme can reconstruct the optical phase of the data-carrying signal reaching the envelope detector. For practical purposes, this means eliminating the DD terms and, thus, the SSBI.
To see the spectral efficiency gain that can be achieved with this algorithm, the KK receiver was implemented after envelope detection and before the coherent Rx DSP (see Fig. 5 ). The KK algorithm can be written as follows:
where S E D is the signal after envelope detection, and A K K and ϕ K K are the amplitude and phase terms of the KK signal, which is here denoted as S KK . In Fig. 10 , the BER curves obtained with the KK algorithm are plotted for different values of f S C . As can be seen, although the implementation of this algorithm was not sufficient to successfully recover a signal with no GB (at a maximum optical input power to the UTC of around 12 dBm), it did allow the recovery of a signal with a GB as low as 1 GHz. For comparison, the linear-fit curves for GBs of 1 GHz and 5.5 GHz without the KK receiver are also shown in Fig 9. It is worth noting that, in the KK algorithm, a high oversampling rate is required to account for the squareroot and logarithm operations [28] . In our case, sample rates of 6 sample/symbol and 9 sample/symbol were used for f S C of 2.75 GHz and 3.75 GHz, respectively. In a practical system using a THz ED, an AC coupled electrical amplifier may be used after the ED to add electrostatic discharge protection. If that is the case, the DC component of the received signal will be blocked. Since this term is necessary to correctly perform the KK receiver, one may emulate it digitally by adding a real number to the digitized signal [29] .
V. DISCUSSION
A. Spectral Efficiency of SSB Signals
In Fig. 11 , the BER at a received power of −4 dBm (which is close to the maximum power recorded by the scope in the transmission experiments) is plotted as a function of the net information spectral density (ISD) of the SSB signals (both w/o and w/ the KK receiver). The net ISD, which is just another way to refer to the spectral efficiency of a signal, is defined as: r × (R s ·log 2 (M)/BW), where r is the code rate of the FEC process (here assumed to be 0.96), R s is the symbol rate, M is the modulation order, and BW is the bandwidth taken by the signal (which in case of single-subcarrier SSB signals is equal to GB + R s (1 + α), where α is the Nyquist roll-off factor). It should be noted that, in the cases where the maximum received power was less than −4 dBm, the linear fit was extrapolated to find the intersection point. As expected, in both cases, the BER performance improves when the GB is increased (i.e., the ISD is reduced).
The maximum ISD achievable with a SSB signal is obtained when no GB is used and is equal to that of the sideband signal. In our case, the sideband was a 16-QAM signal with a roll-off factor of 0.1, so the maximum achievable net ISD was 3.49 b/s/Hz (this value of ISD corresponds to the left vertical axis in Fig. 11 ). Compared to this upper limit, and when the KK receiver was not used, the ISD of the SSB signal had to be reduced by 39% (ISD of 2.13 b/s/Hz) to satisfy the HD-FEC requirement. On the other hand, using the KK receiver, a BER below the FEC limit could be achieved with a SSB signal with an ISD as high as 2.95 b/s/Hz, which represents just a 15% reduction with respect to the upper limit (or an improvement of 38% with respect to the SSB signal w/o KK).
B. Linewidth Tolerance
In Fig. 12 , the penalty at the HD-FEC threshold versus the (combined linewidth) × (symbol period) product (which is the figure of merit of carrier recovery algorithms) is plotted for both the BB and the SSB signals. As can be seen, in the case of BB signals, there is a clear penalty associated with wider linewidths. As mentioned in Section I, this penalty comes from the shortening of the averaging filter to track the faster symbol deviations introduced by broader linewidths. On the other hand, for the SSB signals, the penalty difference at the HD-FEC limit is very small (less than 0.1 dB). These penalty differences are likely to be due to causes other than laser linewidth, such as drifts in the biasing points of the IQ modulators (which, in the case of the data modulator, can cause the CSPR to deviate from the optimum one, or, in the case of the linewidth-emulation modulator, to introduce relative intensity noise), for instance. It can be concluded, therefore, that the sensitivity of the SSB system is not affected by white frequency noise.
Using the dashed lines for each type of signal (for the case w/ the KK receiver we assume the penalty remains constant and extrapolate the value obtained when no linewidth emulation is performed), one can see that the penalty of BB signals becomes higher than that of the SSB signals, both w/o and w/ KK receiver, for a (ΔνT) product of approximately 1.110 −4 . Assuming a linewidth for the RAU laser of 2 MHz (which is similar to the ones reported for foundry-fabricated DFB lasers [30] ) and of 100 kHz for the laser in the CO (linewidth of off-the-shelf ECL lasers), a combined linewidth of 2.1 MHz is obtained, which, solving for T −1 , yields a symbol rate of approximately 19 GBd. For symbol rates lower than this, the envelope detection of SSB signals should be more effective.
On the other hand, if we assume fixed symbol rates of 10 GBd and 5 GBd, combined linewidths of 1.1 MHz and 0.55 MHz, respectively, are obtained. Assuming a CO laser linewidth of 100 kHz, this translates into RAU-laser linewidths of 1 MHz and 0.45 MHz, respectively. For RAU-laser linewidths wider than this, the SSB approach should be more effective. These results seem to indicate, hence, that the envelope detection of SSB signals can offer good prospects for the deployment of lowcost RAU units for THz-over-fibre systems without necessarily compromising the spectral efficiency of such links.
VI. CONCLUSION
We have characterized the sensitivity of a THz-over-fibre system based on SSB signals & envelope detection to optical LO linewidth. Before doing so, we have investigated the impact of GB in order to determine the highest spectral efficiency allowed by our system. Finally, we have compared the results with those obtained when using BB signals & carrier recovery at the receiver. Using 5 GBd 16-QAM signals, we experimentally confirm that the SSB scheme, unlike the BB approach, shows no penalty associated with linewidth. Furthermore, we find that, for a total optical linewidth wider than 0.55 MHz, this approach yields better sensitivity. This, however, is achieved at the expense of reducing the ISD of the SSB signal by 39% compared to the maximum achievable (which is obtained when no GB is used between carrier and sideband). On the other hand, using the KK receiver to mitigate the SSBI, only a 15% reduction of the ISD was needed to meet the HD-FEC requirement. We believe, therefore, that the envelope detection of SSB signals is a promising solution to enable the use of low-cost free-running lasers in THz-over-fibre systems.
